Influenza A viruses (IAVs) are maintained mainly in wild birds, and despite frequent spillover infections of avian IAVs into mammals, only a small number of viruses have become established in mammalian hosts. A new H3N2 canine influenza virus (CIV) of avian origin emerged in Asia in the mid-2000s and is now circulating in dog populations of China and South Korea, and possibly in Thailand. The emergence of CIV provides new opportunities for zoonotic infections and interspecies transmission. We examined 14,764 complete IAV genomes together with all CIV genomes publicly available since its first isolation until 2013. We show that CIV may have originated as early as 1999 as a result of segment reassortment among Eurasian and North American avian IAV lineages. We also identified amino acid changes that might have played a role in CIV emergence, some of which have not been previously identified in other cross-species jumps. CIV evolves at a lower rate than H3N2 human influenza viruses do, and viral phylogenies exhibit geographical structure compatible with high levels of local transmission. We detected multiple intrasubtypic and heterosubtypic reassortment events, including the acquisition of the NS segment of an H5N1 avian influenza virus that had previously been overlooked. In sum, our results provide insight into the adaptive changes required by avian viruses to establish themselves in mammals and also highlight the potential role of dogs to act as intermediate hosts in which viruses with zoonotic and/or pandemic potential could originate, particularly with an estimated dog population of ϳ700 million.
I
nfluenza A viruses (IAVs) constitute a group of segmented, negative-sense RNA viruses that belong to the Orthomyxoviridae and possess a viral genome that encodes up to 14 viral proteins (1) . The classification of IAVs is based on the combination of hemagglutinin (HA) and neuraminidase (NA) glycoproteins present on the virus envelope, and to date, 18 HAs and 11 NAs have been reported (2) . Wild birds are regarded as the major natural reservoir of IAVs, as most known virus subtypes have been detected in wild birds throughout the world (3) . Further, avian IAVs have occasionally jumped the species barrier, causing epizootics and panzootics in domestic birds and various mammalian species, such as horses (4, 5) , dogs (6) , and pigs (7) . Thus, interspecies transmission is one of the most important ecological and epidemiological features of IAVs.
Mutation and reassortment are central to IAV evolution. Like other RNA viruses, IAVs show high mutation rates (8) due to the lack of proofreading activity of the viral polymerase. In addition, segment reassortment (a process by which different IAVs exchange gene segments) allows for rapid incorporation of genetic traits en bloc. Importantly, both processes-mutation and reassortment-have been associated with influenza cross-species transmission and emergence: for example, the former has resulted in the transfer of equine IAV into dogs (9) , while the latter led to the emergence of H1N1 swine-origin virus that caused the influenza pandemic of 2009 (10) .
IAVs have circulated in humans and other mammals for a long time, and despite evidence of exposure and/or spillover infections (11) (12) (13) , dogs have historically been considered to be refractory to the establishment of IAVs. However, recently, two canine influenza viruses (CIVs) have emerged, one of equine origin (9) and the other of avian origin (6) . H3N8 CIV was first identified in the United States. Phylogenetic analyses showed that this virus originated as a result of a direct interspecies transmission of an equine H3N8 IAV, as all eight segments were closely related to those of an equine virus circulating at the time (9) . H3N8 CIV is now enzootic in certain U.S. states such as New York, Pennsylvania, and Colorado (14, 15) . H3N2 CIV was first reported in South Korea in 2007 (6) and shown to be a virus of avian origin. However, a subsequent study showed that H3N2 CIV was already present in China in 2006 (16) , and serological surveys using archived sera from dogs in South Korea showed evidence of CIV H3N2 infections as early as 2005 (17) . Since then, H3N2 CIVs have often been isolated in dogs in both China and South Korea, indicating that this virus is stably circulating in the Asian canine population (18) (19) (20) (21) (22) . Moreover, the geographical distribution of this virus is rapidly expanding, as it has also been isolated in dogs in Thailand (23) . Notably, H3N2 CIV seems to have a broad host range, as it has been isolated from cats during an outbreak of respiratory disease in a shelter in South Korea (24, 25) , and experimental studies have shown that H3N2 CIV can infect ferrets, although transmission in this species seems to be limited (26) .
The recent emergence of CIV has important implications. First, the ecological niche of IAVs has increased significantly, as dogs comprise an estimated global population of 700 million (27) . Second, as dogs are susceptible to mammalian (equine-origin H3N8 CIV) and avian (avian-origin H3N2 CIV) viruses, they possess all the attributes to become-like pigs-another "mixing vessel" species, particularly if we consider that natural and experimental infections of dogs with human viruses have been reported (12, 28) . The fact that dogs are the closest human companions makes reassortment between canine and human viruses more likely to occur. In fact, the isolation of an H3N1 reassortant virus carrying the HA of H3N2 CIV and the seven other genomic segments from the human H1N1 pandemic virus supports this view (29) . This is particularly alarming, because the introduction of novel, antigenically distinct glycoproteins within the backbone of human IAVs has previously been associated with pandemics (30) .
Detailed studies on the evolution of H3N2 CIV are lacking. To fill this gap, our goal was to infer important aspects of H3N2 CIV evolution such as the source population, the approximate time of origin, the evolutionary rate, and the amino acid sites that might have played a role in the adaptation of CIV to the dog. To this end, we performed a phylogenetic analysis of all publicly available complete CIV genomes using both maximum likelihood (ML) and Bayesian approaches. Further, to determine the source population of H3N2 CIV, we performed phylogenetic analyses of a large genome data set representing 14,764 IAVs from various species.
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MATERIALS AND METHODS
Sequence data. Various sequence data sets were sequentially used throughout this study.
(i) Avian-origin H3N2 CIV complete genomes. Twenty-four canine H3N2 virus complete genomes and one feline H3N2 virus complete genome (alignments provided in Data Set S1 in the supplemental material) were downloaded from the Influenza Virus Resource Database at NCBI (http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html). A/feline/Korea/01/2010 was included in the data set despite having been isolated in cats, as this virus was essentially an H3N2 CIV that was transmitted to cats during an outbreak initiated in dogs in a shelter (24, 25) . A/canine/ Guangxi/L2/2013 was excluded from the initial data set, as it was found to be an H3N2 CIV of swine origin (not shown).
(ii) Multiple IAV data set. A total of 14,764 complete influenza A virus genomes were downloaded from the NCBI Influenza Virus Resource Database. This large data set was reduced in order to make the analysis tractable. To this end, we used CD-HIT (31) to cluster complete genome sequences with identity over 98%, and one sequence within each cluster was selected. After clustering, 878 full genomes remained (alignments provided in Data Set S2 in the supplemental material).
(iii) Expanded IAV data set. After the maximum likelihood (ML) trees derived from the multiple IAV data set were inferred, we selected a subset of sequences comprising the subtrees containing all H3N2 CIVs and closely related lineages. This data set was expanded to its original number of taxa (before using CD-HIT) as follows: 784 taxa for PB2, 713 taxa for PB1, 829 taxa for PA, 805 taxa for NS1, 452 taxa for NP, 650 taxa for NA, 784 taxa for M1, and 538 taxa for HA. Avian influenza sequences from South Korea were also added to this data set and used in downstream analyses (see Data Set S3 in the supplemental material).
(iv) NS data set. A total of 31,205 NS sequences were downloaded from the NCBI Influenza Virus Resource Database. We used CD-HIT as described above to reduce this data set and at the same time keep it representative of genetic diversity among IAVs. After clustering was performed, we added all NS sequences derived from canine, equine, and feline IAVs. The final NS data set comprised 775 NS sequences (see Data Set S4 in the supplemental material).
(v) H3N8 CIV data set. All available H3N8 CIV sequences were downloaded from the NCBI Influenza Virus Resource Database and aligned against their respective H3N2 CIV segments (see Data Set S5 in the supplemental material).
Sequence analysis. We used MUSCLE (32) to generate individual codon alignments for each segment: PB2 (2,277 nucleotides [nt]), PB1 (2,271 nt), PA (2,148 nt), HA (1698 nt), NP (1,494 nt), NA (1,413 nt), NS (837 nt), and M (981 nt). Alignments were manually edited using MEGA (33) . To infer phylogenetic trees, both ML and Bayesian inference approaches were applied by using RAxML (34) and MrBayes (35) , respectively. The best-fit nucleotide substitution model was determined by MEGA and applied to all segments for MrBayes and the GTRGAMMA model was used in RAxML. The overall rates of evolutionary change and the time of the most recent common ancestor (TMRCA) were estimated using BEAST (36) , assuming a Bayesian skyline coalescent prior with HKY85 plus Gamma nucleotide substitution model and a relaxed (uncorrected exponential lognormal) clock. All chains were run twice independently for 10,000,000 generations with 10% burn-in, and runs were further combined.
We used BaTS (Bayesian Tip-Significance testing) (37) to determine the overall degree of geographical structure among H3N2 CIV sequences. For this analysis, taxon labels were replaced by their geographical location. Given the difference of surface area between China and South Korea, viruses isolated from China were grouped into regions based on proximity (i.e., Zhejiang and Jiangsu were grouped together, as well as Heilongjiang and Liaoning), whereas all viruses from South Korea were considered as derived from a single location. For this analysis, reassortant segments were removed. The association index (AI) and parsimony score (PS) statistic were calculated. Statistical support was obtained by using phylogenetic trees inferred with MrBayes. P values of Ͻ0.05 were considered significant.
To visualize intrasubtype reassortment events, whole-genome alignments were generated, and split decomposition networks were inferred using Splitstree 4 (38) . The same alignment was used to determine reassortment in RDP4 using a range of methods (39) .
To determine the origin of H3N2 CIV, we inferred ML trees using the alignment obtained with the multiple IAV data set described above. After inferring the ML trees, sequences from subtrees containing all H3N2 CIVs and closely related lineages were selected for further analyses with the expanded IAV data set. We also added all the full-length H3N2 avian influenza sequences derived from South Korea to this data set. Maximum likelihood trees were inferred using RAxML and 1,000 rapid bootstraps. Trees were rooted on the oldest sequence.
We used Mesquite (http://mesquiteproject.org) to parsimoniously reconstruct the ancestral amino acid changes along the main trunk branches that gave origin to the H3N2 CIV lineage. Sites that represented amino acid changes of potential adaptive value were compared with those present in H3N8 CIV in order to identify independent (and convergent) mutations.
Estimation of selection pressures. Selective pressures on codon sites and individual lineages were estimated for all segments of the H3N2 CIV complete genomes, using Datamonkey (40) (http://www.datamonkey .org/). Four methods, including SLAC, FEL, REL, and MEME were used to estimate selective pressures on individual sites. Branch-site REL was used to test selection along lineages. Only results with P values of Ͻ0.1 or a posterior probability of Ͼ0.9 detected by more than two methods were considered significant.
RESULTS
Origins of H3N2 CIV. To determine the actual origins of each of the eight genomic segments of H3N2 CIV, we analyzed a large sequence data set that comprised 14,764 publicly available complete genomes of IAVs from all known subtypes. Viral sequences were grouped in 877 clusters based on their identity (sequences that were Ն98% identical were grouped together). We used a single representative from each cluster to infer a ML tree using RAxML. From this first phylogenetic tree, we selected the sequences that were more closely related to the H3N2 CIV branch (usually the branches with closest nodes to those in which CIV was located) and expanded each cluster to their original size. We used the expanded-cluster data set to infer maximum likelihood trees for each segment. As shown in Fig. 1 , each segment exhibited a monophyletic origin nested within a well-established Eurasian avian influenza lineage, with the only exception of PA, which grouped with viruses circulating in North America. Except for MP and NS, the phylogenetic relationships between H3N2 CIV and other avian lineages were well supported.
Consistent with previous reports, the most closely related viruses for each segment were of avian origin. Individual segments displayed different phylogenetic relationships with sequences from IAVs of various subtypes (tree files are available on request). HA and NA were related to H3N2 viruses circulating in South Korea. In turn, PB2 was related to H3N8 viruses from China. PA grouped with high support with H2N2 American avian viruses, PB1 was most closely related to avian influenza viruses (AIVs) from China, Japan, and North America. Notably, the closest ancestor of the CIV lineage was an H5N1 virus from China. The NP segment of H3N2 CIV was most closely related to H3N6 and H5N2 viruses from China and Malaysia, respectively. Overall, our results suggest that complex reassortment events gave rise to H3N2 CIV, including viruses of Eurasian and American lineages.
Amino acid mutations that define the H3N2 CIV lineage. We determined the amino acid changes that separate the H3N2 CIVs from the ancestral avian viruses in order to identify mutations that could have played a role in H3N2 CIV emergence. To this end, we reconstructed the amino acid changes at the base of the H3N2 CIV lineage. In total, we observed 45 mutations that separate the CIV lineage from the avian lineages (Table 1) . Twenty-seven (60%) of the 45 mutations were fixed in the H3N2 CIV genome (i.e., were present in all H3N2 CIV genomes examined), suggesting that they were important for dog adaptation. Importantly, four of the mutations that defined the CIV lineage were also observed in H3N8 CIV (Table 1) , suggesting convergent evolution. Table S1 in the supplemental material provides a description of the putative functions of each mutation or of the domains in which mutations were observed.
Of the seven mutations in HA that differentiate avian H3N2
viruses from canine viruses, five were fixed among H3N2 CIVs and two were also found in H3N8 CIV. In particular, L222 in the receptor-binding domain of HA has been shown to play an important role in the adaptation of IAVs to the dog both by func- tional studies using reverse genetics (41) and in structural studies of the HA of H3N8 CIV (42) . Mutation D81N could result in altered antigenicity and/or receptor binding (43) , as it results in an additional glycosylation site. With regard to NA, seven out of a total of eight amino acid changes displayed 100% prevalence among H3N2 CIVs. In NS, all lineage-defining mutations were observed in all H3N2 CIVs, whereas none of the mutations observed in NP were fixed (Table 1) . However, two of the eight amino acid changes in NP were also found in H3N8 viruses: Y52H and R452K. Whether these two mutations play any role in host range needs to be experimentally addressed. With regard to PA, four out of seven lineage-defining mutations were fixed in H3N2 CIV. Of these mutations, amino acid position 615 has been associated with enhanced virulence (44) . Interestingly, PB2 lacked all known mutations that have been shown to be important for mammalian adaptation (45) , as it displayed E158, T271, G590/Q591, E627, and D701. However, all four PB2 mutations that differentiate H3N2 CIV from its avian ancestor exhibit a high prevalence (Ͼ93%). Three of the six mutations that differentiate PB1 of H3N2 CIV from AIVs are fixed (Table 1) , and one of these mutations (S361N) is located at a site that has been previously associated with enhanced virulence in humans (46) . No CIV lineagedefining amino acid changes were detected for MP, as all observed mutations were synonymous. Overall, our results show that some of the mutations that might have played a role in CIV emergence are consistent with previous influenza virus cross-species jumps and also with influenza virus adaptation to the dog. More importantly, some of the identified amino acid changes have not been previously characterized and might provide novel insight into the mechanisms that allow influenza viruses to adapt to mammals. Phylogenetic analysis of H3N2 CIVs isolated between 2006 and 2013. Phylogenetic trees were reconstructed using all CIV H3N2 complete genomes publicly available in GenBank (n ϭ 24 up to 3 October 2014) that had been collected between 2006 and 2013 (see Data Set 1 in the supplemental material). Figure 2 shows consensus, coalescent-approach-based trees for each segment generated using MrBayes. Maximum likelihood trees were also inferred (not shown). In general, both ML and coalescent-modelbased trees displayed similar topologies. Trees were rooted with A/canine/Guangdong/1/2006, as this was the oldest H3N2 virus in the data set. As expected, all genomic segments of A/feline/Korea/ 01/2010 were closely related to CIVs with high posterior probability (Fig. 2) , confirming previous reports that this virus originated as a result of a direct interspecies transmission of CIV to cats.
The inferred trees for all genomic segments with the exception of MP and NS exhibited a similar topology, with several viruses consistently clustering together with high posterior probability values. For this reason, we arbitrarily grouped them in five clades (clades I to V [Fig. 2] ). Long internal branches separated most clades from the main trunk of the CIV phylogeny. In addition to the viruses consistently observed in each clade, individual isolates were occasionally observed for distinct segments (for example Jiangsu/06/2010 in clade IV of the NA tree), suggesting the occurrence of intrasubtypic reassortment (see below).
The phylogenies suggest that viral sequences originating from the same location tend to cluster. We used the parsimony score (PS) and association index (AI) statistics in the BaTS program (37) to test for the presence of geographical structure. To this end, the places of isolation were used as traits and represented by four locations: Guangdong, Jiangsu, and Liaoning in China and South Korea (see Fig. S1 in the supplemental material). We observed that the mean values of PS for each segment were lower than expected, and the average value of AI was low, suggesting a strong association between phylogeny and geographical locations. Table 2 shows the P values for both PS and AI for each segment, indicating that the strength of phylogeny-geography association was significant.
CIV reassorted multiple times with other IAVs. Two isolates, A/canine/Korea/MV1/2012 and A/canine/Guangdong/2/2007, were located at the tips of unusually long branches in the NS and MP phylogenies, respectively, indicating that those segments were significantly different from other CIVs (see Fig. S2 and Fig. S3 in the supplemental material, respectively). While this was expected for A/canine/Korea/MV1/2012 as it has been shown to be a reassortant virus (47) , this result was unexpected for A/canine/Guangdong/2/2007. To identify the origin of the NS segment of A/canine/Guangdong/2/2007, we collected 775 NS sequences from different hosts (see Materials and Methods) and inferred a maximum likelihood phylogenetic tree using RAxML. Our results show that the NS segment of A/canine/Guangdong/2/2007 was more closely related to the NS segments of H5N1 avian viruses than to other CIVs (Fig. 3) . These results, together with another report of a human IAV carrying the HA of H3N2 CIV (29) indicate that heterosubtypic reassortment is relatively common for CIV, given the short time since its emergence.
H3N2 CIVs display extensive intrasubtypic reassortment along their evolutionary history. Previous studies have shown that intrasubtypic reassortment is not an uncommon event among IAVs (48, 49) . To determine whether this was the case for CIV, we concatenated all the CIV genomes and then generated a split decomposition network using Splitstree. Split networks are aimed at displaying incompatibilities and ambiguous phylogenetic signals within and between data sets (i.e., within a sequence alignment of a given gene from different species or between phylogenetic trees of different genes). If there was no reassortment, no incompatibilities would be observed in the network from the concatenated alignment. The network shown in Fig. 4 displays several parallel edges consistent with reassortment and thus confirms our hypothesis. The results from RDP also support intrasubtypic reassortment based on multiple methods (not shown). Close examination of the phylogenies in Fig. 2 revealed changes in the tree topologies with high support that were consistent with intrasubtypic reassortment. Three sections of the trees showed clear incompatibilities.
For example, A/canine/Guangdong/2/2011 grouped with high support with clade I viruses for PB1 and NA but not for the rest of the genomic segments. A/canine/Guangdong/3/2011 was located in clade IV only in the NA phylogeny, but its PB2, HA, and NP segments grouped with A/canine/Guangdong/2/2011. For A/canine/Guangdong/5/2011, the HA and NA genes were located within clade V, whereas the PB1 gene grouped with clade I viruses, and PB2 and PA genes grouped with viruses isolated in Jiangsu, China, in 2010. Viruses from Jiangsu, China, collected in 2009 and 2010 were also reassortants, as their phylogenetic relationships varied among gene segments: for example, A/canine/Jiangsu/06/ 2010 was located within clade IV only in the NA tree but formed a separate group with A/canine/Jiangsu/04/2010 for PB2 and another one with A/canine/Jiangsu/05/2010 for PA (Fig. 2) .
Evolutionary dynamics and selection analysis of H3N2 CIVs.
We used BEAST to estimate the overall rates of evolutionary change of H3N2 CIV. The means and 95% highest posterior density (95% HPD) intervals of all genomic segments are shown in Table 2 . While rates (measured as the number of substitutions/ site/year) were within the expected range for RNA viruses (8), they were lower than the ones published for other IAVs (49-52): for most gene segments (with the exception of MP and NS), H3N2 CIV rates were at the lower end of the estimated HPD intervals (Fig. 5) , and significant differences for all the genomic segments were detected only between CIV and H3N2 human influenza virus (the 95% HPD interval did not overlap with the HPD interval of H3N2 human influenza virus). We also used BEAST to estimate the time of the most recent common ancestor in order to date the 
DISCUSSION
Since the discovery of H3N2 CIV in 2007, most studies have focused on the genetic and virological characterization of individual isolates (6, 16, 18-21, 23, 25, 26) and on clinical and epidemiological investigations (20, (22) (23) (24) . Here we compiled all the publicly available complete genome sequences of CIV and carried out a comprehensive phylogenetic analysis to elucidate its evolutionary history. Our results confirm previous findings and provide new insight on the origins, epidemiology, and evolution of H3N2 CIV. We determined-with better accuracy than previous reportsthe origins of H3N2 CIV and propose an evolutionary pathway that led to the emergence of H3N2 CIV. Clearly, all the gene segments, with the exception of PA, originated from Eurasian avian influenza viruses. The phylogenies for each of those segments suggest that this genetic constellation arose by multiple reassortment events. The American origin of the PA gene can be explained by occasional hemispheric mixing of avian influenza viruses, as this has been previously reported (53) . The HA and NA segments were probably derived from H3N2 avian viruses circulating in South Korea and could have been obtained en bloc. Similarly, PB2 and PB1 were likely derived from avian H3N8 and H5N1 viruses from China, respectively, and NP was derived from Asian AIVs of either H5N2 or H3N6 subtypes. We could not infer the evolutionary history of NS and MP, albeit they are clearly of Eurasian origin. Our analysis also reveals important epidemiological features of CIV. The geographical association observed in the phylogenies suggests that CIV might be transmitted at high levels within local dog populations and that once it is introduced in a given area, it tends to establish local lineages that evolve in situ. This is consistent with the high level of intrasubtypic reassortment observed within single locations. Geographic clustering has also been observed for H3N8 CIV (54) . While contact heterogeneity seems to be the main cause of the phylodynamics patterns observed for H3N8 CIV (54), the reasons underlying H3N2 CIV evolutionary and epidemiological dynamics are unclear and will require further investigation.
More importantly from a public health perspective, avian influenza viruses of different subtypes such as H5N1, H9N2, and H5N2 have been isolated in dogs (11, 55, 56) . Further, H3N2 CIV has reassorted with other IAVs on at least two independent occasions. While the reassortment event between CIV and human/ swine H1N1 IAV has been previously reported (47), we showed phylogenetic evidence that the NS of A/canine/Guangdong/2/ 2007 was indeed closely related to H5N1 avian influenza viruses. This important finding was not described by the authors of the original report because they focused their analysis only on the HA and NA genes (16) . It is alarming that despite being a relatively "young" virus (we estimated the time of emergence to ϳ2004), CIV has already reassorted with human (29, 47) and avian (this report) influenza viruses. Such reassortment events included various gene segments (HA, MP, and NS) within the genetic background of both human and canine IAVs, clearly showing that the gene pool of avian, human, and canine viruses is indeed compatible. As the geographical range of CIV is rapidly expanding and both human and avian IAVs are prevalent in Asia, it is likely that further reassortants will appear.
It is unknown why influenza A virus lineages apparently did not establish in dogs before the late 1990s and early 2000s. The respiratory tract of the dog possesses sialic acids with both ␣2,6 and ␣2,3 linkages that can be used as receptors by IAVs (57) , and recent studies have shown that H3N2 CIV preferentially binds ␣2,3-linked sialic acids (41) . Moreover, dogs have clearly been exposed to horses and poultry for a long time before equine and avian influenza viruses jumped the species barrier.
The ecology of influenza viruses has significantly changed now that CIVs are stably circulating in dogs. Although census information is patchy, the global canine population has been estimated to be ϳ700 million (27) . If we consider that dogs are used as companion and working animals as well as a source of food, it is feasible to think that they can become-like pigs-another "mixing vessel" species in which avian, human, and canine viruses can reassort and originate new viruses with pandemic potential. Our data and previous work (29, 47 ) support this view. However, differences in life span and population structure might play a role in the generation of pandemic viruses. CIV is rapidly spreading in Asia (it has been detected in China, South Korea, and Thailand), where there is a high prevalence of avian and human influenza viruses, and our data suggest that once H3N2 CIV enters a susceptible dog population, it is likely to persist. The fact that H3N2 viruses are established in humans highlights the zoonotic potential of H3N2 CIV, although it is not known whether there is cross protection between human and canine IAVs.
In sum, we have performed a detailed characterization of the phylogenetic history of H3N2 CIV. Surveillance studies in dogs are needed to monitor the geographical spread and seasonal patterns of H3N2 CIV infections as well as the detection of reassortant viruses. Experimental studies are needed in order to determine the zoonotic-and pandemic-potential of CIV and whether prior infection with seasonal H3N2 protects humans against CIV. Finally, CIV vaccines should also be developed to control the spread of this virus. 
